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I. INTRODUCTION
In recent years, much has been written about the China's rising current account surplus and the importance of its exchange rate policy. The effects of a change in the value of the renminbi or the lack of it on China's and the global economy is now one of the most discussed issues in international policy debates (e.g., see Goldstein, 2007; and Roubini, 2007) . At the same time, the increasing integration of China into the global economy has raised questions about how the economy might be affected if the external environment changes (Prasad, 2007) . Central to all these analyses is the size and stability of China's trade elasticities. If they are low, whether with respect to external demand or prices, then changes in external conditions or the exchange rate are unlikely to have much of an impact on China's growth or its current account. If trade elasticities are not stable, then little can be said with any degree of confidence on how the economy might react to such changes. In addition, certain methodologies used to compute the underlying or equilibrium exchange rate critically depend on stable trade elasticities. For example, in the macroeconomic-balance approach, price elasticities of exports and imports are used to determine the adjustment in the real effective exchange rate needed to close the gap between the underlying current account balance of a country and its equilibrium level to uncover the degree to which the exchange rate is misaligned (Goldstein, 2004; Coudert and Couharde, 2005; and Wang, 2004) .
While papers such as those by Dunaway and Li (2005) and Dunaway, Leigh, and Li (2006) underscore that answers to the above questions are very sensitive to the stability of estimated trade elasticities, little systematic analysis of China's trade elasticities has been undertaken. Using both aggregate and disaggregated data, this paper conducts such an analysis and finds that while the aggregate import demand and price elasticities have remained relatively stable, export elasticities have increased over time. Much of the increase in the aggregate export elasticities reflects changes in the composition of China's trade, particularly the increasing sophistication of exports and the rising domestic content of processing trade.
These results are not surprising. Given the fast pace of development in China in the last decade, it is likely that trade has shifted away from the basic processing production that long caricatured China's "growth model" to the manufacturing of increasingly sophisticated export goods with rising local sourcing of inputs. In turn, such a shift should have affected aggregate elasticities, as has long been established by studies on other countries (Goldstein and Khan, 1985) . What is surprising in the case of China is the extent of the rise in the export demand and price elasticities. The elasticity with respect to external demand has risen from 3.6 in 1995−1999 to around 4.3 by 2000−2006 ; the price elasticity has increased from −1.3 in 1995−1999 to −2.0 by 2000 . These are large shifts, especially given the short period over which they have taken place.
What the changing trade elasticities suggest is that caution needs to be exercised in assessing how China's economy and trade balance might react to external demand shocks or changes in the exchange rate. These elasticities estimates suggest that relatively moderate changes in external demand or in the exchange rate could have large effects on the economy and the trade balance. But given China's recent experience, it is dangerous to expect that even these new elasticity estimates will be stable over the medium term. Not only has the structure of trade changed rapidly in China, it is also likely that trade composition itself will be affected by the changes in the exchange rate.
II. HOW CHINA'S TRADE HAS CHANGED
After a decade of rapid trade growth, China is now the world's third largest exporter (Figures 1 and 2 ), behind the United States and Germany. Meanwhile, China's trade surplus has widened sharply in recent years as import growth has lagged that of exports. The causes behind this are still being debated. Increasingly, a number of studies using disaggregate data point to large structural shifts in the structure of trade, which must have affected trade elasticities. These structural changes include privatization of the export sector, trade liberalization, increasing share of exports with relative high elasticities, and rising domestic content of exports as processing exports move away from pure assembly operations. Economic liberalization, continued privatization, and large inflows of foreign investment have reduced the share of state-owned enterprises in exports; while in 1995 more than one third of total exports was produced by state-owned enterprises, by 2006 this share had fallen to about one fifth ( Figure 3 ). In terms of the composition of trade, the share of exports that are less price sensitive, such as primary products, declined from 15 percent in 1995 to 3 percent in 2006; meanwhile those that are typically more sensitive to prices, such as machinery (including electronics), rose from 20 percent to about 60 percent during the same period ( Figure 5 ). Within each category, the composition of products has also changed. Cui and Syed (2007) , Amiti and Freund (2007) , Schott (2007) , and Haltmaier and others (2007) all show that the technology content of Chinese exports and imports has increased. In addition, Cui and Syed also show that products with higher technology content are more sensitive to prices. Figure 6 shows that the increase in sophistication of China's exports has been across all major categories, 2 and a shift toward high-productivity products has caused the overall sophistication index to rise more sharply than individual categories.
A striking development has been the change in the nature of China's processing trade. Back in the 1990s China was-what many still mistakenly believe it to be-essentially a very large workshop importing sophisticated inputs that were assembled into consumer goods for the West. This is important as under this caricature of China's trade, changes in the exchange rate or external demand have only muted effects on the economy and the trade balance. If exports decline, either because of soft external demand or because of an appreciation, so do imports, such that the impact on the trade balance and the economy as a whole is small. This popular view of Chinese trade is, unfortunately, substantiated by a cursory reading of China's trade and customs statistics, which differentiates exports between those that are for "processing" industry and those that are not. Under this classification, processing trade makes up more than fifty percent of China's total exports. However, this is not a functional classification. Rather the classification is made for tax purposes. A careful look at the tax classification shows that there are two subcategories within "processing" trade: (i) processing that is based on contractual agreements with foreign suppliers of inputs and foreign buyers of final products and (ii) processing using imported inputs. Under the first category, firms do not pay import taxes or VAT, while under the second category firms first pay the required taxes and then claim rebates later. It is the first category that conforms to conventional view of processing trade, where the exports are inextricably linked to imported inputs. In the second category, the share of imported inputs can vary arbitrarily, depending on the extent of domestic sourcing. As Figure 7 shows, while processing trade as classified under China's customs data has remained around 50 percent of total exports, the share of assembly exports has declined to less than 10 percent by 2006, about half its share in 1992. The domestic content of the nonassembly processing exports (excluding equipment imports) rose from about 20 percent to close to 35 percent during 1992−2005 (Figure 8 ). The trend was driven by a substitution away from both imported sector-specific inputs and more basic raw materials. Sector-specific domestic content, as measured by the ratio of sectoral trade balance to sectoral exports, rose over time in the two main processing exports, machinery and textiles. 3 At the same time, the ratio of net processing imports of basic materials-which cannot be allocated to sectors that use them-to total processing exports plummeted from a high of 25 percent to 5 percent by 2005. Besides noninvestment inputs, imported equipment was also increasingly replaced by domestic products: the ratio of machinery imports to total exports of processing trade tumbled from a peak of 40 percent in the early 1990s to 7 percent by 2005. At the same time, Chinese exporters have branched into new and more sophisticated products with growing domestic sourcing of inputs.
The rising domestic content of processing exports is also likely to have sensitized producers to exchange rate changes. When the domestic content of processing exports is low, an exchange rate appreciation has a limited impact on processing exports because of a large 3 Domestic content for machinery and textile is underestimated because the declining imported basic material that is used in the processing production is not taken into account, owing to a lack of end-use data. In addition, because imports of electronics parts and components are often used in machinery production, it is not possible to calculate the domestic content of machinery and electronics separately without additional end-use data. offsetting impact from imported inputs. This offsetting impact weakens as the import content declines. Furthermore, the share of machinery in total processing exports more than doubled, which was likely to have raised the sensitivity of processing exports to prices and the external demand because capital goods demand is more sensitive to market conditions than basic consumer products, such as textiles (Table 1) . This shift from assembly based processing trade is also reflected in China's changing regional trade balances. Until recently, China's trade surplus with the West (the main export destination) was nearly mirrored by the trade deficit with Asia (the source of the intermediate inputs), reinforcing the assembly-line caricature of China's trade. This has also changed. China still imports a lot from Asia, but the growth of trade deficit with Asia has fallen far behind the surplus with the West (Figure 9 ).
With the changes in the trade structure, China has also become a dominant player in many markets. And size matters in trade. While it was relatively easy to expand market share before, as a major player in world markets further expansion will likely require Chinese firms to cut prices. If the price cuts needed to sell the created capacity turn out to be deep, many of today's investments could become unviable and turn into loan defaults of tomorrow.
III. EMPIRICAL ANALYSIS OF CHINA'S TRADE ELASTICITIES

A. Model Specification and Data
The standard reduced-form partial-equilibrium trade model is used as the basic analytical framework, relating the volume of exports (imports) to real foreign (domestic) demand and relative prices. The export equation is modified to take into account the effect of fast productivity improvement in China unleashed by structural reforms. This rapid productivity improvement relative to the trading partners has been a main driving force behind the rapid rise of China's export share in the world, as noted in Section II, and is not fully reflected in the real exchange rate movement. This breakdown of the Balassa-Samuelson effect reflects China's large excess labor (estimated at around 100−150 million in underemployed agricultural workers) that has held back more generalized pressure on wage generated by productivity improvement. 4 Therefore, productivity gains or the catching up effect should be included as an explanatory variable of China's exports. All variables are in natural logs. The basic equations are specified as follows:
Where X and M are China's total export and import volumes; 5 D* is the real demand of China's advanced country trading partners from IMF's Global Economic Environment Indicator, and D is China's real domestic demand, approximated by industrial sales deflated by the producer price index; P x and P m are domestic prices to relative external prices for exports and imports, respectively. Since over 60 percent of China's exports are final goods, consumer price index (CPI) is more relevant than the producer price index (PPI) for exporters when deciding whether to export or to sell domestically. Therefore, CPI based real effective exchange rate is used as the relative price in the export equation. 6 In contrast, about 80 percent of China's imports are nonfinal goods; therefore, the relevant domestic price should be PPI. 7 The relative import prices are aggregated from trade weighted ratios of China's producer price indices to external price indices at the SITC2 level.
8 Relative productivity, Prod, is measured by the ratio of per capita GDP in China to that in the United States. 9 Quarterly data from 1995Q1−2006Q4 are used. Data prior to 1994 were excluded, as the unification of exchange rate system in 1994 was likely to have introduced a structural break.
Dynamic OLS (DOLS) proposed by Saikkonen (1991) and Stock and Watson (1993) is used to estimate the export and import equations. This procedure is chosen because the Dickey-Fuller test shows that almost all the series are nonstationary, and cointegration tests show that variables in both the export and import equations are cointegrated (Appendix I). DOLS is also chosen because of its small sample property. Monte Carlo experiments show that with finite sample, DOLS performs well relative to other six asymptotically efficient estimators, including Johansen's (1988a) vector error correction (VECM) maximum likelihood estimator (Stock and Watson, 1993) . DOLS adds leads and lags of the first differences of the independent variables to the basic equations. Seasonal dummies are also included to take into account seasonality. Because data series are short, one lead and one lag are chosen. In addition, the general to specific model developed by Hendry and Krolzig (2005) was used to eliminate insignificant leads and lags, as well as seasonal dummies.
B. Empirical Results Using Aggregate Data
Trade elasticities for the aggregate exports and imports using the full sample are presented in Table 2 . It shows that export elasticity to foreign demand is 3.8, and to relative price is −1.6, while import elasticity to domestic demand is 1.3 percent and to relative price is 0.9. These likely to have higher technology content than both China's exports and imports, while U.S. imports are likely to have similar technology content with both China's exports and imports. 9 There are no reliable employment data in China for compiling the labor productivity index. estimates are within the range of other studies (Goldstein and Khan, 1985; Mann and Plück, 2005; Cheung, Chinn, and Fuji, 2007) and satisfy the Marshall-Lerner condition. In particular, these estimates are very close to estimates by Shu and Yip (2006) . Using panel data of China's exports to the United States, the European Union, and Japan between 1995Q1 and 2006Q1, the authors find China's export demand and price elasticities are 4.27 and −1.32, respectively. A study by Liu, Fan, and Sheck (2006) find slightly higher elasticities (in absolute terms). Using bilateral trade between China and Hong Kong, the authors show that China's export demand and price elasticities are 4.33 and −3.26, while import elasticities for demand and price are 0.89 and 2.29, respectively. Since Hong Kong is an important entrepôt for Mainland China, bilateral trade estimates between Hong Kong and China do have an important bearing on China's overall external trade. Incidentally, both estimates in this paper and the bilateral trade elasticity estimates by Liu, Fan and Sheck show that export elasticities (in absolute terms) are larger than import elasticities.
To examine their stability, the trade equations are re-estimated for six rolling subsamples of eight years each. The first subsample spans 1995Q1−2002Q4; the subsequent sample period rolls ahead by one quarter, dropping one at the end; and the last sample covers 1999Q1−2006Q4. The estimated coefficients are plotted in Figure 10 . The results from the rolling period regressions show that China's export elasticities have changed significantly over time. In absolute value, the external demand and relative price (real exchange rate) elasticities increased. The point estimates from the latest sample for both demand and price elasticities lie outside the confidence bands estimated using earlier samples. This trend of increasing export elasticities is consistent with the rising share of products with high elasticities, as well as increased responsiveness of exporters to market signals. Import elasticities show less variability, consistent with smaller changes in the import composition; 10 the slight decline in import demand elasticity is consistent with increased domestic sourcing of inputs.
The export and import equations were also estimated recursively, with the results presented in Figure 11 . The recursive estimates broadly confirm the results from the rolling period regressions. Exports have become more sensitive to both external demand and relative prices. Recursive Estimate for Import Price 10 Before China opened up, imports were dominated by resource and capital goods because trade restrictions were targeted at consumer goods. China has since built up its manufacturing capacity of consumer goods, and many foreign brands of consumer goods are being produced in China. Consequently, imports are still dominated by resource and capital goods. Import elasticities are less variable. In addition, elasticities for exports and imports appear to have changed significantly around 1999−2000. Chow tests show that 1999Q4 is a breakpoint for both export and import equations ( Brown, Durbin, and Evans (1975) do not detect breaks in either of the two equations ( Figure 12 ). The failure of these tests to detect breaks is likely due to the absence of a large abrupt one-time shift in the data. Both the rolling sample and recursive results demonstrate that trade elasticities varied widely during the early sample periods and continued to shift in the later periods. This is consistent with continuous and frontloaded trade policy changes during the sample period (Figure 4) . In preparation for the WTO entry, import tariffs were reduced sharply in the 1990s, and further trade reform was phased in afterwards. 
CUSUM Test on Imports
11 The authors provide a gauss program for the test. Because the series are short, in both export and import equations the maximum possible breakpoints are specified as 2, even though the program allows up to 4 breaks.
C. Sources of Changes
Three sets of tests are conducted to examine the factors behind the changes in the trade elasticities. The results confirm the initial conjectures. First, estimates of trade elasticities at sectoral levels demonstrate that both changes in the composition of trade and variations of sector specific elasticities over time affected the stability of trade elasticities at the aggregate level. Second, rising domestic content in processing trade also raised the price elasticity of exports. Lastly, export elasticities rose in absolute terms as products became more sophisticated.
Sectoral Composition and Sectoral Elasticity Shifts
Sectoral elasticities are estimated for seven product groups, and the detailed results are reported in Appendix II.
12 Figure 13 shows that sectoral trade elasticities vary widely. Variations in export elasticities are more pronounced than those for import elasticities. In particular, export demand elasticities are highest for capital goods such as machinery (7.0) and electric and electronics machinery (9.7), and lowest for primary goods (2.1). Export price elasticities have the similar sectoral distribution, with electric and electronics machinery (−2.2), manufacturing by material (−2.1), and machinery (−1.6) the most elastic. Variations in import demand elasticities are small. Among import price elasticities, chemicals (1.5) and manufacturing by material (1.4) have the highest elasticities. 
Price Elasticity
12 The explosive growth of electric machinery and electronics exports in China has been driven more by the regional production location shift in East Asia (China, Korea, Japan, and Taiwan) than overall relative productivity growth in China. As a result, China's share in the region's electronics exports increased from about 18 percent in 1994 to close 60 percent by 2006. Therefore, in the export equation of this sector the productivity proxy is replaced by a regional location shift indicator. This indicator is approximated by per capita electronics output in China relative to that in Japan. Because imports of electric machinery and electronics are closely linked to exports, the export volume of the sector is included in the import equation as an explanatory variable.
To see how sectoral compositions affect the aggregate elasticities, trade weighted average sectoral elasticities based on the full sample period are plotted in Figure 14 . The sectoral elasticities are fixed at the full sample estimates; the movement of weighted averages of trade elasticity thus reflects only the impact of changes in sector composition and differences in trade elasticities across sectors. Figure 14 shows that the weighted average of elasticities mirror the patterns of aggregated trade elasticities. Weighted elasticities for export increased, while those for import are broadly unchanged. A substantial increase in the share of electronics and electric machinery in exports (Figure 15 ), which has the highest export demand and price elasticities, has been driving the rising weighted averages of trade elasticity. In contrast, changes in the composition of imports have less of an impact on the weighted average elasticities of imports because of the relative small variations in elasticities across sectors.
To check whether the changes in the elasticities were caused by underlying instability in the elasticities, rolling regressions were estimated using the sectoral data. The evolution of elasticities at the sectoral level are summarized in Figure 16 , where the 2000 trade data is used to weight the estimates of elasticities from each rolling sample period. The movement of the weighted average export elasticities mirrors those estimated from the aggregate exports, demonstrating that variations of export elasticities at the individual sector level also contributed to the increase in elasticities observed in the aggregate data. In particular, changes in the price elasticities of electric machinery and electronics exports and clothing exports are the largest (Appendix II). The fact that these two sectors are the most important ones in processing trade, where domestic content has increased substantially, suggests that rising domestic content in processing exports is an important factor for the rising export price elasticities in absolute terms. As with the elasticities estimated with aggregated data, weighted import elasticities are broadly stable. 
Elasticities of Processing and Nonprocessing Exports
Processing and nonprocessing export elasticities are estimated separately, using the same rolling periods as for total trade. Figure 17 shows that the relative price elasticity of processing exports increased, while that of nonprocessing exports stayed broadly unchanged. This is consistent with the hypothesis that rising domestic content of processing trade is a main factor that drives the evolution of the export elasticities. The impact of rising domestic content in processing trade and a shifting away from assembly processing exports is tested formally using the following model:
×AS
Where X p denotes processing exports, DC is domestic content of processing trade, 13 and AS is the share of assembly in total exports.
14 The interaction terms of DC and AS are of interest in these two tests. Table 4 shows the coefficient of the product of DC and the relative price, P x , is significant, and points to an increase in the price elasticity of processing trade as the domestic content increases. In contrast, Table 5 shows that the share of assembly exports has no effect on either the demand or the price elasticity of exports as the coefficients for both interaction terms are insignificant. 1/ * significant at 1 percent, **significant at 5 percent, and ***significant at 1 percent. Δ, first difference. (-1) first lag. 1/ * significant at 1 percent, **significant at 5 percent, and ***significant at 1 percent. Δ, first difference. (-1) first lag.
Standard
Standard Table 5 . Impact of Assembly Trade 1/
Product Sophistication and Trade Elasticity
To test the effect of product sophistication on the elasticities of trade, the following equations are estimated using DOLS:
Where S x and S m are the sophistication indices of exports and imports, 16 respectively. Table 6 shows that the export sophistication index is highly significant for export elasticities. As product sophistication increases, exports become more sensitive to both external demand and relative price. In contrast, the import sophistication index affects demand elasticities, but not price elasticities. 
IV. CONCLUSION
Trade elasticities have been widely used to analyze how exports and imports respond to changes in external and domestic demand, as well as to relative prices and the exchange rate. These analyses, however, require that the estimated elasticities are at least stable. The discussions in the previous sections show that such empirical backing is hard to find for China.
Evidence presented here suggests that extra cautious is needed when using trade elasticities to estimate the response of the Chinese economy to price and demand shocks. Trade elasticities used in existing studies on such subjects vary widely. Such variation reflects not only data and methodological issues involved in estimating elasticities for all countries, including developed countries, but also a continuous structural shift in how production is organized in China. China is shifting way from stereotypical processing trade that involves mostly assembling imported parts and components to domestically sourcing larger portions of the production chain. This paper shows that export elasticities for China during 1995−2006 have changed significantly at both the aggregate and sectoral level. Changes in the composition of trade, the increasing domestic content of processing exports, and the move up the quality ladder are all likely causes.
Taken at face value, the increased demand elasticity in recent years implies greater dependence of the Chinese economy on external conditions. A one percent decline in external demand could lead to about 4½ percent contraction in China's export or about ¾ percent decline in GDP. Meanwhile, the large shift in the export price elasticity, from −1.3 during 1995−1999 to −2.0 during 2000−2006, suggests that for a 10 percent reduction in exports, the required real appreciation would be about one-third less than previous estimates. But the much larger demand elasticity suggests that demand changes have a much larger effect than price changes: for example, a 10 percent real appreciation would, ceterus paribus, reduce exports by 2 percent that would not show up in aggregate trade numbers if at the same time external demand grew by just 0.5 percent! However, the fast changing structure of China's trade also raises questions about how much one can rely on these later estimates, especially the interaction between exchange rate and trade composition changes. Quantitative assessments that do not take into account these factors and remain overly influenced by China's trade structure of the 1980s and 1990s could turn out to be wrong.
APPENDIX I: UNIT ROOT AND CONINTEGRATION TESTS
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